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The Co 11 atom in the title salt, [Co(H 2 O) 6 ](C 13 H 10 NO 3 ) 2 - 
2H 2 0, lies on a center of inversion in an octahedron of water 
molecules. The cations, anions and uncoordinated water 
molecules are linked by O— H- ■ O and O— H- ■ N hydrogen 
bonds into a three-dimensional network. The anion is 
essentially planar, with an r.m.s. deviation of all non-H atoms 
of 0.066 A. 

Related literature 

There are many examples of hexaaquacobalt(II) benzoates; 
these benzoates possess substitutents capable of serving as 
hydrogen-bond acceptors/donors, see: Deng et al. (2006). For 
the isotypic Mn(II) salt, see: Zhang et al. (2011). 
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Experimental 

Crystal data 

[Co(H 2 O) 6 ](C 13 H 10 NO 3 ) 2 -2H 2 O 

M r = 659.50 

Triclinic, PI 

a = 7.4349 (3) A 

b = 7.5431 (3) A 

c = 13.7531 (6) A 

a? = 84.307 (1)° 

13 = 83.153 (1)° 



y = 73.333 (1)° 
V = 731.91 (5) A 3 
Z = 1 

Mo Ka radiation 
jii = 0.66 mm -1 
T = 293 K 

0.21 x 0.15 x 0.13 mm 



Data collection 

Rigaku R-AXIS RAPID IP 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
r mi „ = 0.874, r m „ = 0.919 

Refinement 

R[F 2 > 2a(F 2 )} = 0.036 

wR(F 2 ) = 0.138 

S = 1.15 

3314 reflections 

228 parameters 

18 restraints 



Table 1 

Hydrogen-bond geometry (A, °). 



7251 measured reflections 
3314 independent reflections 
2401 reflections with / > 2cr(/) 
R<„, = 0.026 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.63 e A~ 3 

Ap mi „ = -0.69 e A~ 3 



D-H-A 




D—H 


H-A 


D-A 


D-H-A 


Olw-Hll- 


■Ol 


0.84 (1) 


1.94 (1) 


2.162 (3) 


169 (3) 


01w-H12- 


■04W 1 


0.84 (1) 


1.87 (1) 


2.696 (4) 


171 (4) 


02w-H21- 


■02 


0.84 (1) 


1.84 (1) 


2.678 (3) 


179 (3) 


02w-H22- 


■ 02" 


0.84 (1) 


1.97 (2) 


2.755 (3) 


156 (3) 


03w-H31- 


■ -or" 


0.85 (1) 


1.96 (1) 


2.798 (3) 


170 (4) 


03w-H32- 


■ -Nl iv 


0.85 (1) 


1.95 (1) 


2.799 (3) 


177 (4) 


04w-H41- 


■02 


0.84 (1) 


2.22 (4) 


2.891 (4) 


137 (5) 


04w-H42- 


■ 03w v 


0.84 (1) 


2.42 (4) 


3.176 (4) 


151 (7) 


Symmetry 


codes: 


(l) -x, -y + 2, - 


-z + 1; (ii) 


-.V+1.-V + 2, - 


-z + 1; (lit) 


-x + l,-y- 


1-1, -Z-r 


1; (iv) x,y — l,z - 


r 1; (v) x,y + 


l,z. 





Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO; data reduction: CrystalClear (Rigaku/MSC, 2002); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: X-SEED (Barbour, 2001); software used to 
prepare material for publication: publCIF (Westrip, 2010). 

This work was supported by the Key Project of the Natural 
Science Foundation of Heilongjiang Province (No. 
ZD200903), the Innovation Team of the Education Bureau of 
Heilongjiang Province (No. 2010 t d03), the Key Project of the 
Education Bureau of Heilongjiang Province (No. 12511z023) 
and the University of Malaya. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT5664). 
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Comment 

First-row transition metal dications form a plethora of metal dicarboxylates; however, occasionally, no direct 
metal-carboxylate bond is formed, and the product consists of hexaaquametal cations and carboxylate ions, the anion inter- 
acting indirectly in an outer-sphere type of coordination. 4-(Pyridin-2-ylmethoxy)benzoic acid is a commercially available 
carboxylic acid but there are no reports on its metal carboxylates. The reaction of the deprotonated acid with cobalt(II) ions 

gives the hexaaquacobalt(II) salt (Scheme I, Fig. 1). The Co 11 atom in the salt lies on a center-of-inversion in an octahedron 
of water molecules. The metal atom interacts with the carboxylate ion indirectly, through the coordinated water molecules, 
in an outer-sphere type of coordination. The cations, anions and lattice water molecules are linked by O-H-0 and O-H-N 
hydrogen bonds into a three-dimensional network (Table 1). 

Experimental 

Cobalt nitrate (1 mmol) was added to an aqueous solution of 4-(pyridin-2-ylmethoxy)benzoic acid (2 mmol) that was earlier 
been treated with \M sodium hydroxide to a pH of 6. The filtered solution was set aside for several days, after which pink 
prismatic crystals separated from solution. 

Refinement 

Carbon-bound H-atoms were placed in calculated positions (C-H 0.93 A) and were included in the refinement in the riding 
model approximation, with C/(H) set to 1.2(7(C). The water H-atoms were located in a difference Fourier map, and were 
refined with distance restraints of O-H 0.84±0.01 A and H -H 1.37±0.01 A; their displacement factors were refined. 

The anisotropic displacement ellipsoids of the lattice water O were restrained to an isotropic behaviour. 

The (2 2 7) reflection was omitted owing to bad agreement. 



Figures 









T J3 



Fig. 1. Anisotropic displacement ellipsoid plot (Barbour, 2001) of 

Co(H20)6'2(Ci3HioN03)'2H20 at the 50% probability level; hydrogen atoms are drawn as 
spheres of arbitrary radius. 
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Hexaaquacobal t(l I) bis[4-(pyridin-2-ylmethoxy)benzoate] dihydrate 



Crystal data 

[Co(H 2 O) 6 ](Ci 3 H 10 NO 3 )2-2H 2 O 

M r = 659.50 

Triclinic, PI 

Hall symbol: -P 1 

a = 7.4349 (3) A 

6 = 7.5431 (3) A 

c= 13.7531 (6) A 

a = 84.307 (1)° 

(3 = 83.153 (1)° 

y= 73.333 (l)° 

V= 731.91 (5) A 3 



Z= 1 

F(000) = 345 

D x = 1.496 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 5547 reflections 

9 = 3.1-27.4° 

\i = 0.66 mm 1 

7=293 K 

Prism, pink 

0.21 x 0.15 x 0.13 mm 



Data collection 

Rigaku R-AXIS RAPID IP 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 

r min = 0.874, T max = 0.919 

725 1 measured reflections 



3314 independent reflections 

2401 reflections with / > 2a(I) 
R int = 0.026 

^max ~~ 27.4 , 9 m j n — 3.1 

h = -9^9 

k = -9^9 
/ = -17->17 



Refinement 

Refinement on F 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.036 

wR(F 2 ) = 0.138 

S= 1.15 

3314 reflections 
228 parameters 
18 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F 0 2 ) + (0.06 58P) 2 + 0.3695P] 

where P = (F 0 2 + 2F c 2 )/3 

(A/o) max = 0.001 

Ap m ax = 0.63 e A~ 3 
Ap mi „ = -0.69eA- 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 

y Z Ui so */U e c 



Col 



X 

0.5000 



0.5000 



z 

0.5000 



^eq 

0.02876(18) 
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0.847 (10) 


C10— Cll 


1.372 (5) 


03W— H32 


0.846 (10) 


C10— H10 


0.9300 


04W— H41 


0.837 (10) 


Cll— C12 


1.369 (5) 


04W— H42 


0.839 (10) 


Cll— H11A 


0.9300 


Nl— C9 


1.334 (4) 


C12— C13 


1.386 (4) 


Nl— C10 


1.344 (4) 


C12— H12A 


0.9300 


CI— C2 


1.497 (4) 


C13— H13 


0.9300 


02W— Col— 02W' 


180.000 (1) 


C2— C3— H3 


119.8 


02W— Col— OIW' 


93.59 (8) 


C3— C4— C5 


119.9 (3) 


02W' — Co 1 — 0 1 W' 


86.41 (8) 


C3— C4— H4 


120.1 


02W— Col— OIW 


86.41 (8) 


C5— C4— H4 


120.1 


02W' — Co 1 — 0 1 W 


93.59 (8) 


03— C5— C4 


114.6 (2) 


OIW 1 — Col— OIW 


180.0 


03— C5— C6 


124.8 (3) 
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02W— Col— 03W 1 


86.46 (8) 


02W 1 — Col— 03W 1 


93.54 (8) 


OIW'— Col— 03W' 


92.45 (9) 


OIW— Col— 03W' 


87.55 (8) 


02W— Col— 03W 


93.54 (8) 


02W 1 — Col— 03W 


86.46 (8) 


Ul W 1 \JJ vv 


87.55 (8) 


Ul vv mi UJ vv 


yz..Hj yy f 


03W 1 — Col — 03W 


180.000 (1) 


C5 — 03 — C8 


119.4 (2) 


Col — OIW — Hll 


106 (3) 


Col — OIW — H12 


117 (3) 


Hll — OIW — H12 


109.7 (17) 


Col — 02W — H21 


117 (2) 


Col — 02W — H22 


130 (2) 


H21 — 02 W — H22 


109.4 (16) 


Col — 03W — H31 


104 (3) 


Col — 03W — H32 


117 (3) 


H31 — 03W — H32 


107.6 (16) 


H41 — 04W — H42 


109 (6) 


C9 — Nl — CIO 


117.8 (3) 


01 — CI — 02 


123.3 (2) 


Ol — CI — C2 


119.1 (2) 


Oz — CI — Cz 


117.6 (2) 


ci 0 C^ 


118 8 M\ 
1 1 0.0 yZ) 


ci 0 n 


1 If) Q (1\ 
YL\).y yL ) 


CX CO CI 
v j — \^z — v l 


1 If) A (1\ 


CA CI CO 


1 If) ^ {"\\ 
1ZU. J yj ) 


CA C\ W\ 


1 1 Q R 


Ol — CI — C2 — C7 


3.0 (4) 


02 — CI — C2 — C7 


-175.9 (3) 


Ol — CI — C2 — C3 


-176.1 (3) 


02 — CI — C2 — C3 


5.1 (4) 


C7 — C2 — C3 — C4 


0.1 (5) 


CI — C2 — C3 — C4 


179.2 (3) 


C2 — C3 — C4 — C5 


0.1 (5) 


C8 — 03 — C5 — C4 


-177.1 (3) 


C8 — 03 — C5 — C6 


2.2 (5) 


C3— C4 — C5— 03 


179.3 (3) 


C3— C4— C5— C6 


0.1 (5) 


03— C5— C6— C7 


-179.6 (3) 


C4— C5— C6— C7 


-0.4 (5) 


C3— C2— C7— C6 


-0.5 (5) 


Symmetry codes: (i) -x+1, -y+l, -z+1. 





C4— C5— C6 


120.5 (2) 


C5— C6— C7 


119.0 (3) 


C5— C6— H6 


120.5 


C7— C6— H6 


120.5 


C2— C7— C6 


121.3 (3) 


C2— C7— H7 


119.3 


C6 — C7 — H7 


119.3 


03 PS CQ 

UJ ^0 




f~\1 r'O TTO A 

03 — C8 — H8A 


110.2 


C9 — C8 — H8A 


110.2 


03 — C8 — H8B 


110.2 


C9 — C8 — H8B 


110.2 


H8A — C8 — H8B 


108.5 


Nl — C9 — C13 


122.4 (3) 


Nl — C9 — C8 


115.3 (2) 


C13— C9— C8 


122.3 (2) 


Nl — C10 — Cll 


123.2 (3) 


Nl — C10 — H10 


118.4 


Cll — C10 — H10 


118.4 


C12 — Cll — C10 


118.7 (3) 


C12 — Cll — H11A 


120.7 


C10 — Cll — Hll A 


120.7 


Cll— C12— C13 


119.1 (3) 


Cll— C12— H12A 


120.4 


CA 1 CM T-T1 1 A 
V 1 J v 1 Z 1 1 1 Lr\. 


1 10 A 


CQ P1^ CM 


1188 


CQ CM. U 1 1 

v / V 1 J 1 1 1 J 


1 1f) f> 


CM cai m 1 

K_ 1 z v 1 j 1 1 1 J 


1 If) f> 


Cl — C2 — C7 — C6 


-179.5 (3 


C5 — C6 — C7 — C2 


0.6 (5) 


C5 — 03 — C8 — C9 


176.6 (3) 


C10 — Nl — C9 — C13 


-0.8 (5) 


C10 — Nl — C9 — C8 


177.9 (3) 


03 — C8 — C9 — Nl 


178.4 (3) 


03 — C8 — C9 — C 1 3 


-2.9 (4) 


C9— Nl— C10— Cll 


0.1 (5) 


Nl— C10— Cll— C12 


0.3 (6) 


C10— Cll— C12— C13 


0.0 (6) 


Nl— C9— C13— C12 


1.1 (5) 


C8— C9— C13— C12 


-177.6(3 


Cll— C12— C13— C9 


-0.6 (5) 
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Hydrogen-bond geometry (A, °) 



ij — ri A 




n 1 1 
ij — 1 1 


rl VI 


U A 


IJ 1 1 A 


Olw — Hll- 


■Ol 


0.84 (1) 


1 94 (11 


2.762 (3) 


169 (3) 


Olw— H12- 


•■04W" 


\J.oH yl ) 


1 87 H "1 
1.8/ (IJ 


Z.OVO ^ J 


1 7 1 (A\ 
1/1 


02w— H21- 


•02 


0.84(1) 


1.84(1) 


2.678 (3) 


179 (3) 


02w— H22- 


•02™ 


0.84(1) 


1.97(2) 


2.755 (3) 


156 (3) 


03w— H31- 


■Ol 1 


0.85 (1) 


1.96(1) 


2.798 (3) 


170 (4) 


03w— H32- 


-Nl iv 


0.85 (1) 


1.95(1) 


2.799 (3) 


177 (4) 


04w— H41- 


■02 


0.84(1) 


2.22 (4) 


2.891 (4) 


137 (5) 


04w— H42- 


•03w v 


0.84(1) 


2.42 (4) 


3.176 (4) 


151 (7) 


Symmetry codes: (ii) 


-x, -y+2, -z+1; (iii) -x+1, -y+2, -z+1; (i) 


-x+1, -y+\, -z+1; (iv) 


x,y-\,z+l; (v) x,y+\,z. 
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